The interaction of plant lectins with pig small intestinal epithelium in organ culture was studied. The binding of Phaseolus vulgaris (PHA) isolectins E4 and L4 to the microvilli and microvillus vesicles in the top area of the viii was shown by immunoelectron microscopy. Differences were observed in the distribution of the isolectins. In the explants cultured for five hours with the PHA isolectins, the enterocyte height and the villus length were decreased, and a lower villus: crypt ratio was calculated. Ultrastructurally, the microvilli were shorter and irregularly positioned. After incubation with both PHA E4 and PHA L4, clusters of small vesicles, tied off from the microvilli, were seen in higher numbers when compared with control explants. The activity of the brush border enzyme sucraseisomaltase was reduced in the PHA E4 incubated explants but did not change in the PHA L4 incubated explants. This investigation shows that explants of pig jejunal mucosa in organ culture are suitable for study of the pathological effects of lectins on the small intestinal mucosa. This method may also be used in elucidating the mechanisms by which damage to mucosal structure occurs. 
The ubiquitous presence of lectins -for example seeds of legumes like pulses and beans -in plants eaten by man and his farm animals have been described in recent surveys. A1 The biological activity of lectins can be abolished by proper heat treatment, although heat processing is not always very effective. 5 Since most lectins are resistant to proteolytic breakdown in the gastrointestinal tract, they can reach the small intestine in a biological active form and bind to the glycoconjugates of the mucus and glycocalyx."7 Pusztai et all" suggest that many of these lectins may account for the morphological and functional changes in the epithelium of the small intestine leading to reduced efficiency of nutrient utilisation. Despite several studies, however, the pathogenesis oflectin induced changes in the intestinal tract has not fully been explained."'-'2 In vitro studies show promising results in investigation of the effects of lectins on the small intestinal mucosa without any interference from the luminal contents and the intestinal micro flora. 6 Moreover, the experimental conditions of the mucosal explants can be controlled more precisely than those in in vivo studies'4 and therefore may allow investigators to single out the direct effect of any given damaging agent on the mucosa. Another advantage of in vitro studies is the fact that only small amounts of deleterious material are needed. We chose explants of pig jejunal mucosa in organ culture, and therefore closely related to the situation in vivo, to study the interaction between Phaseolus vulgaris (PHA) isolectins E4 (4 erythroagglutinating subunits) and L4 (4 leucoagglutinating subunits) and the jejunal mucosa in vitro. We investigated the binding of PHA isolectins E4 and L4 to the explants and the subsequent lectin induced effects on morphology and brush border enzyme activity.
Methods
Approval for the experiments was given by the ethical and experimental committee of TNO BINDING OF PHA E4 and L4 TO PIG JEJUNAL EXPLANTS As seen by immunoelectron microscopy PHA E4 (Fig 6A) and PHA L4 (Fig 6B) bind to the microvilli of the cultured explants. No differences could be detected with regard to the distribution of gold particles. The gold particles were located almost exclusively over the microvilli and over the tied off microvillus vesicles. Staining was more evident in the top third of the villi but gold particles were also detected over the microvilli, along the length of the villi, and over the mucous contents of goblet cells, but not in the crypts. No gold particles could be detected in control explants.
EFFECT OF PHA ISOLECTINS ON THE BRUSH BORDER ENZYME ACTIVITY
The effect of PHA E4 and L4 on the specific activity of the brush border enzyme sucraseisomaltase in pig jejunal explants is shown in Table II .
Incubation of the explants in PHA E4 SO Fg/ ml resulted in a significant decrease of the relative specific activity compared with control explants cultured in Trowell's T8 medium (Table II) . PHA L4 at a concentration of SO [tg/ ml did not influence the relative specific activity of sucrase-isomaltase.
Discussion
The objective of this study was to investigate whether organ culture from pig small intestinal mucosal explants represents a suitable model for studying the harmful effects of PHA isolectins E4 and L4 on enterocyte morphology and function. If so, this model may be used to examine the mechanisms of damage to small intestinal mucosal structure.
When small intestinal mucosal explants are cultured for up to five hours in Trowell's T8 medium, only minor changes occur in the histological as well as ultrastructural architecture ( Figs IA, 2, 4A, and 5A ). In addition, other investigators have reported, based on light and electron microscopic criteria, that the mucosal morphology of pig small intestinal explants is well preserved during organ culture. 16 The minor changes in the mucosal morphology that take place during culture are presumably caused by the in vitro environment. 22 Exposure of the pig jejunal explants to PHA E4 and PHA L4 for five hours provokes numerous morphological changes (Table I, Figs iB, 3 4B and C, and SB). These changes include a significant reduction in mean enterocyte height, a decrease in the villus:crypt ratio because of the reduced villus length and increased crypt depth in PHA L4 treated explants, and the presence of shortened and irregularly positioned microvilli with vast numbers of tied off microvillus vesicles. Furthermore, in the PHA E4 treated explants the specific activity of the brush border membrane enzyme sucrase-isomaltase was decreased significantly (Table II) . No significant difference could be detected in the PHA L4 treated explants.
By electron microscope immunocytochemistry, immunogold localisation of PHA E4 and PHA L4 was shown over the glycocalyx of the intestinal microvilli, the microvillus vesicles in the top one third area of the villi (Fig 6) , and somewhat less over the microvilli of enterocytes in the lower parts of the villi.'3 No differences were observed between the distribution of the isolectins on the cells, which is in agreement with Kik, Koninkx, van Extensive changes in small intestinal enterocytes, decrease in villus length, irregularity of microvilli, clusters of vesicles associated with the brush border, and complete loss of microvilli are described in rats after intraluminal administration of concanavalin A or wheat germ agglutinin. " When rats (conventional as well as germ free) were fed purified PHA and adherence of PHA to the brush border membrane was obvious, none of these morphological changes of the small intestinal mucosa could be observed. 6 However, rats fed a diet containing crude PHA beans display an extensive disruption and abnormal structure of microvilli in the small intestine. 'o25
Our findings clearly show that exposure of pig mucosal explants to PHA E4 or L4 for five hours results in binding of the isolectins to the intestinal epithelium, brush border membrane changes, and diminished villus length; and in case of PHA E4 incubated explants, a decreased activity of sucrase-isomaltase.
Several mechanisms such as the globular (G):filamentous (F)-actin ratio, the cell actin content, the cytoskeletal protein turnover or the pool size of actin binding proteins, or both, might be involved in the regulation of the intestinal brush border villus length.26 In differentiated human colon carcinoma Caco-2 cells exposed to soybean agglutinin we have shown that the shortening of the microvillus length is accomplished only by a rapid shift in the G:Factin ratio.27 After binding of the PHA isolectins to the brush border membrane of the enterocytes, this mechanism (changes in the actin cytoskeleton of the cell) probably plays a role in the pathogenesis of microvillus abnormalities.
After exposure of rat intestinal epithelium to intraluminal dietary lectins clusters of vesicles associated with the brush border can be found."28 Also, in organ culture, blebbing and vesiculation of microvilli leading to increased numbers of vesicles nearby the brush borders of PHA isolectins incubated explants were observed (Fig 5) . The presence of these vesicles might reflect an increased turnover of microvillus membrane.
The loss of brush border membranes interferes at once with the activity of brush border membrane associated enzymes. Our results show a correlation between the amount of microvillus vesicles that have been tied off and the decrease in activity of sucrase-isomaltase (Table II) .
The similarity between the lectin induced lesions in vivo" 28 and in vitro responses of pig mucosal explants clearly shows that organ culture of pig mucosal explants represents a suitable 
